The use of computers to educate nursing students is at a crossroads because clinical performance and competencies of nursing students continue to challenge nurse educators.
The use of computerized technology is rapidly growing in the classroom and in healthcare. An emerging computer technology strategy for nursing education is the use of virtual reality simulation. This computer-based three-dimensional educational tool simulates real-life patient experiences in a risk-free environment, allows for repeated practice sessions, requires clinical decision making, exposes students to diverse patient conditions, provides immediate feedback, and is portable. The purpose of this article was to review the importance of virtual reality simulation as a computerized teaching strategy. In addition, a project to explore readiness of nursing faculty at one major Midwestern university for the use of virtual reality simulation as a computerized teaching strategy is described where faculty thought virtual reality simulation would increase students' knowledge of an intravenous line insertion procedure. Faculty who practiced intravenous catheter insertion via virtual reality simulation expressed a wide range of learning experiences from using virtual reality simulation that is congruent with the literature regarding the barriers to student learning. Innovative teaching strategies, such as virtual reality simulation, address barriers of increasing patient acuity, high student-to-faculty ratio, patient safety concerns from faculty, and student anxiety and can offer rapid feedback to students.
enables the student to go beyond the abilities of a manikin and decrease the variability of clinical placements. 8 The purpose of this article was to review the importance of VRS as a computerized teaching strategy. In addition, a project to explore readiness of nursing faculty at a major Midwestern university to use VRS as a computerized teaching strategy is described.
WHAT IS VIRTUAL REALITY SIMULATION?
Nurse educators might initially think about high-fidelity simulation, such as in a simulation laboratory, as virtual reality since that is a common strategy for teaching nursing students. The focus of this report is on VRS as a computer-generated technology represented in a threedimensional environment in real time, 9 which is more unique than a simulation laboratory where computers are used to provide mannequin responses. Virtual reality simulation is a computer-assisted program that makes images and objects appear real by projecting threedimensional views and using stereo images to provide a sense of presence, which is the sense of being in the simulated environment. 10 The VRS environment has the ability to reproduce a clinical environment where users can interact with virtual patients and resources and practice content as frequently as needed.
Strangman and Hall 11 describe two main types of computer-generated VRS. The first type is the desktop virtual reality environment, which can be presented on an ordinary computer screen and is manipulated by a keyboard, wand, mouse, touch screen, or joystick. Virtual tours on the World Wide Web are examples of the desktop virtual reality environment, allowing the viewer to tour a house for sale or visit a resort. The second type of VRS is the total immersion virtual reality environment that is presented on multiple roomsized screens or through a head-mounted, stereoscopic unit. Tiala 9 and Davis 10 describe VRS as an instructional tool that delivers standards-based instruction by allowing interaction between the computerized simulated environment and the user-the type used for our project. It is not a plug-in or play tool; in contrast, it is a tool to teach concepts that are three-dimensional, stereographic computer generated, and interactive, 9,10 such as application of nursing theory to skills. In our computerized society, VRS taps into students' motivation to use computers while learning a standards-based curriculum. 9, 11 Additional equipment can be added to virtual simulators for user participation. Strangman and Hall 11 recommend sensors for the headgear and specialized gloves to allow the user to experience interactivity and provide feedback. One example for use of this type of equipment is the simulation of laparoscopic surgery for teaching medical students. Tiala 9 suggests adding tracking devices to the headgear to incorporate a high level of interactivity with the VRS system. The tracker device allows positioning information to be sent to the receiver giving the receiver the ability to adjust the view and location of the virtual reality. 9 Conversely, Kilmon et al 12 noted that VRS projection displays are as effective for learning and less expensive when compared with using headgear. Sound effects can be added to the VRS environment, adding another dimension to learning. [9] [10] [11] For example, heart sounds can be heard when the stethoscope is placed on the identified cardiac landmarks, allowing the learner to identify heart sounds. This may be similar to high-fidelity simulations with mannequins, such as SimMan (Laerdal Medical, Wappingers Falls, NY), but is less expensive.
Virtual reality simulation provides faculty the ability to bring the realism of clinical situations to the nursing student in a controlled and risk-free environment. For simulation to foster student learning, faculty need to explore strategies that will allow students to learn without compromising patient safety.
NURSING STUDENTS AND LEARNING IN CLINICAL PRACTICE
Preparing nursing students for entry into clinical practice, applying required knowledge and skills, and assessing their competence are major challenges facing nursing educators in present-day healthcare. 2, 5, 13 In addition, the field of health-related sciences continues rapid development of new knowledge and computerized technology supporting patient care. 14 To provide a wide range of options for student learning resembling real-life practice without compromising patient care, innovative teaching strategies need to be explored and used. Innovative teaching strategies are further supported by the identified gap between theory and practice for nursing students, a problem that may broaden without intervention. 2, 15 The study of Matsumura et al 15 on the contributions of nursing students to clinical agencies found that nursing students focus on skills rather than showing genuine interest in the practice of nursing. Staff nurses involved in this study suggested that nursing students should be better prepared to perform nursing skills before clinical rotations, enabling them to balance theory and practice. 15 These issues challenge nurse educators to use teaching strategies that will strengthen nursing students' skills before clinical rotations, thereby allowing students to concentrate on the underlying theories that support nursing practice while caring for patients.
Advances in network learning and computer technologies make this an exciting time to develop and use authentic, realistic, and engaged learning environments for students. Moreover, VRS provides a learning environment that simulates real-life experiences in a risk-free environment and subsequent computer-based postexperience feedback. Reflecting upon the experience and having the ability to repeat the experience are ideal for nursing students. 16 
LITERATURE REVIEW
A literature search was conducted to determine how nurse educators use VRS. Four major areas that impede optimal learning through clinical experiences of nursing students were identified. These four areas include (1) increasing patient acuity, (2) high student-to-faculty ratio, 17 (3) patient safety concerns from faculty, and (4) student anxiety. 8 
Increasing Patient Acuity
There has been a 21% increase in hospital patient acuity from 1991 to 1996, yet there has not been a change in the number of licensed nursing staff. 4 This has forced a change in skill mix in many hospitals by increasing nursing assistants and requiring the RN to take on a more supervisory role. This change in workload has taken elements of patient care away from the nurse at a time when patients need more bedside nursing care. Stanton 4 describes the concerns associated with increased patient acuity and additional supervisory responsibilities for the RN. The lower RN staffing levels are linked to adverse patient outcomes; these adverse outcomes can be painful and fatal to patients; and there are high financial costs associated with adverse outcomes. In addition, job dissatisfaction among hospital-based nurses has been reported 4 to be as high as 44.8%. The effect of high patient acuity levels reflects the preceptorship the student nurse requires during clinical rotations. The staff nurses working with nursing students describe their teaching experiences with students as usually positive; however, they note that teaching can be very stressful on busy days. 15 
High Student-to-Faculty Ratio
The student-to-faculty ratio varies among different nursing programs and commonly depends on the institution's financial situation and available faculty. Schuster et al 17 recommended a desirable ratio of one nursing faculty to eight students. However, with a critical shortage in nursing faculty, this ratio may be difficult to maintain; thus, alternative teaching strategies need to be explored. 18 In a national survey of nursing schools, The American Association of Colleges of Nursing 19 reported a faculty nursing shortage in more than 73% of nursing schools. With the average age of baccalaureate faculty at 51.5 years and the average age of retirement for baccalaureate faculty at 63 years of age, the nursing faculty shortage will continue to grow. This critical shortage of nursing faculty necessitates innovative teaching strategies.
Patient Safety Concerns From Faculty
Patient safety is a constant concern for nursing faculty; however, the concern increases with high patient acuity, undesirable faculty-to-student ratios, and aging faculty members maintaining stamina for the rigors of a clinical day. 17, 18 Faculty concerns are further complicated by other changes in the healthcare environment, such as a decrease in the average length of stay, thereby condensing the amount of care required by patients in a short time. In addition, many patients are discharged to skilled facilities for continued recovery, whereas previously this recovery time was spent in the hospital. 4 Consequently, the nursing student cares for a higher-acuity patient during a shorter time, with complex discharge needs in a potentially short-staffed environment.
Student Anxiety
A study conducted by Cook 20 related to nursing students' anxiety indicated that student learning and performance are affected by anxiety; the major contributor to student anxiety is the students' perception of the teaching behaviors of the clinical faculty in the clinical setting. Anxiety is described as feelings of tension and apprehension that trigger the autonomic nervous system in threatening situations. 21 Cook 20 concluded that nursing students' state of anxiety could carry over to the clinical setting. Concerns about nursing students' anxiety must be addressed because a high state of anxiety affects confidence, resulting in the potential for harm to patients. 22 Virtual reality simulation can assist in decreasing student anxiety and enhancing student confidence by allowing unlimited practice of clinical scenarios in a risk-free environment. 20 Moreover, the student receives immediate feedback via the computer during and after the scenario, ensuring proper and consistent technique.
Some of these impediments to nursing students' learning can be surmounted by increased practice. Innovative computerized teaching strategies, such as VRS, provide immediate feedback and review for students. Furthermore, VRS allows faculty to review student progress from a computer at any time, alleviating faculty workload and fostering patient safety.
VIRTUAL REALITY SIMULATION FOR NURSING EDUCATION
Simulation used as a teaching strategy eliminates inherent risks in practicing in the healthcare environment.
Bearnson and Wiker 23 noted that 95% of participants (nursing students and RNs) who participated in a simulation activity conducted at a major university preferred simulation scenarios to patient rounds, lectures, or tutorial formats for learning. The participants commented that virtual reality simulators are interactive, add variation to learning, and ''add another dimension to education.'' 23(p423) Several factors need to be considered before transitioning to the use of VRS for teaching purposes. Huhn and Deudtsch 24 reported that a substantial financial and time commitment would be required if computers needed to be purchased or updated for VRS to be incorporated into a curriculum. In addition, Kilmon et al 12 emphasized that it requires intense labor to ensure patient scenarios are evidence based and relevant. Several innovative computerized teaching strategies are described in the literature. Smith-Stoner and Willer 25 reported the use of Internet and intranet games related to several topics, including pathophysiology, research, patient education, clinical judgment, and others. While computerized games may be exciting and entertaining, Kirkley and Kirkley 26 noted the challenges of teaching with games. Skills are required specific to the game, and content needs to fit into the game plan. Thereby, information is limited and depends on the learners' game skills and the content the game is able to provide. 26 Another innovative computerized teaching strategy used by educators is WebQuest. 27 WebQuest is a model for designing effective Web sites in which the information is drawn from the World Wide Web. 27 In 2005; Kirkley and Kirkley 26 reported that Web-based instruction and CD-ROM tutorials were the most popular alternative teaching-learning tools for students. Concerns about Web-based models and CD-ROM tutorials include the lack of opportunity for interaction, feedback, and bringing the real world into the learning environment. 26 In contrast, VRS simulates real-life scenarios and allows the learner unlimited ability to practice scenarios in an interactive environment. 28 The Institute of Medicine's document To Err Is Human 29 highlighted the need for patient safety in stressful situations. Consequently, medical schools started using patient simulation to augment learning. 8, 30 At present, VRS is one of the leading teaching strategies in medical schools.
14 Validated interactive VRS programs are being used as a teaching strategy for medical students to ensure optimal patient treatment and patient safety. 1, 30 Specifically, the field of medicine uses VRS to augment the reality of performing procedures and surgeries and considers it as one endeavor to decrease errors and improve quality of patient care. 14, 26 Several major medical facilities in the United States use VRS to teach medical students about surgical procedures and crisis management in emergency situations. 6 
Use of Virtual Reality Simulation in Other Industries
Virtual reality simulation is a computer technology that has been used by other industries as a teaching method. Henneman 31 discusses the success of VRS in the airline industry since 1990, when the Boeing Company developed a VRS to support aircraft wiring and maintenance along with flight simulators. The US Coast Guard augments reality systems with VRS to support ship navigation of oceans and waterways. 26 Iowa State University developed its own Virtual Reality Applications Center (VRAC) for teaching purposes with a multidisciplinary research center with the world's leading immersive threedimensional capabilities. 32 At present, VRAC is used for Air Force battle space management, genomic research, and construction design. 32 Virtual reality simulation is also popular in highly mobile environments, such as travel, history, recreation, hairstyling, and touring. 15 Military medicine has recommended the use of VRS for improving impaired driving skills of veterans recovering from a traumatic brain injury. The veterans demonstrated improvement in driving techniques and a decrease in road rage following testing with a virtual reality driving simulator. 33 Huhn and Deudtsch 24 described the assessment of a VRS patient program used to teach medical students about physical therapy. Five faculty and 45 students performed a usability analysis of the simulation and reported a high rate of satisfaction; participants recommended to proceed with the use of VRS as a teaching strategy.
THE PROJECT: ASSESSING READINESS FOR VIRTUAL REALITY SIMULATION
This project was an evaluation of one university's nursing faculty readiness to adopt VRS by demonstrating and using one type of VRS with a follow-up survey to ascertain their responses to VRS. Nursing faculty who taught clinical practice rotations to undergraduate students at a major Midwestern state university were invited to participate in a VRS module and to complete an evaluation about using VRS as preparation to possible adoption for a teaching strategy in the nursing department.
Following extensive research of VRS companies, a VRS system was selected that provided simulation of insertion of an intravenous (IV) catheter using a computer program and a haptic arm device. The self-directed and fully interactive system presents realism in threedimensional graphics and simulates the feel of vascular access. The user must select items displayed on the computer screen in correct order, such as gathering correct equipment for doing an IV catheter insertion, cleansing the site, and beginning the insertion. The haptic arm is a robotic device (connected to the computer) used to display touch from a virtual environment to the user. The user can palpate the haptic arm veins and virtually insert an IV catheter. Each user selects from a variety of case scenarios, and an evaluation of procedure performance is provided immediately by the system. For instance, if a step was missed in the sequencing, the user would be informed with an opportunity to retry the procedure. Faculty who participated in this VRS module had not used it previously.
Eight faculty members at this Midwestern University agreed to practice IV catheter insertion using the VRS module and completed the survey (approval was obtained by the university's institutional review board committee). They came individually to a practice session where a haptic arm was linked to a computer. After a brief explanation, the session commenced. Faculty could take as much time as needed and could explore various aspects of VRS while they prepared and then inserted an IV catheter into the haptic arm. The VRS program on the computer automatically provided feedback about their technique.
These eight faculty were asked to complete a brief evaluation survey immediately following this session. This survey was modified from one by Bearnson and Wiker. 23 Permission was granted by the authors to use and/or modify the survey. Faculty were asked seven questions (on a four-point Likert scale) about satisfaction with using VRS (Table 1) along with four open-ended questions to provide comments and recommendations about possible faculty adoption of VRS.
The Evaluation
All eight of the faculty who participated in this experience either strongly agreed or agreed that VRS will increase students' knowledge of the procedure. Most the participants reported that the VRS increased their awareness of differences in patient responses to IV catheter insertion; many reported VRS increased both their ability and confidence to start an IV line. All eight of the faculty strongly agreed or agreed that using VRS for IV line insertion before students inserted IV catheters in the actual clinical setting would be most effective. Half responded that VRS may be effective after students completed their clinical rotation to increase student confidence.
The key aspects identified from the content analysis of the four open-ended questions are presented in Table 2 . The faculty expressed a wide range of learning experiences from using the VRS system. One key learning experience was that the VRS system increased understanding of the sequence of steps and supplies required for IV line insertion. To improve the VRS learning experience, the faculty requested more time to practice and commented that repetition in performing the case scenarios would be beneficial. Another recommendation for improvement was to include a patient's face in the computer scenario. In addition to the IV line insertion scenario, the faculty recommended VRS scenarios in urinary catheterization and nasogastric tube insertion. Medication administration, including patient identifiers, was another popular response. Overall, the use of VRS as a teaching strategy for nursing students was supported by the faculty. Seven of the eight faculty responded that they would recommend VRS. The system was described as being ''very intriguing'' and ''motivating'' and would be an ''excellent learning tool.'' Concerns expressed about recommending the system were related to cost.
Faculty positively evaluated the use of VRS as a teaching strategy for nursing students. It can be a viable solution to dealing with student barriers to learning in the clinical setting by allowing introduction, processing, problem solving, and evaluation in a risk-free environment. Virtual reality simulation also provides repeated practice sessions with immediate feedback. One added bonus 
DISCUSSION AND RECOMMENDATIONS
Key attributes of VRS are the abilities to resemble reality, allow students to think and reason through a clinical problem, permit students to make errors (some lifethreatening) without causing harm to real patients, expose students to diverse patient conditions, and provide immediate feedback to students. Munier 6 notes the benefits of VRS address patient safety issues by allowing students to learn in a simulated risk-free environment to master the skills for patient care. Present-day patients are better informed and do not want to be used as practice material, 6 further supporting the use of VRS before having students enter the clinical environment.
In addition, VRS allows the student to perform techniques that are difficult to evaluate or rarely performed. For example, a student may not have the opportunity to insert IV or urinary catheters in the actual clinical environment. Virtual reality simulation allows the student to experience these procedures in a risk-free environment and allows the instructor to assess the nursing students' ability to perform the identified skill. As the faculty noted in this project, organizing supplies and sequencing the steps through VRS can prepare the student for reality and perhaps foster better organization for the procedure and decrease anxiety as a barrier to student learning.
A distinct advantage of VRS is that faculty can monitor a student's progress on the computer and need not be physically present. Feedback from each scenario is provided to the learner and associated faculty member via the computer module, enhancing the immediacy of learning. Another benefit of VRS is that the modules install on most computers with DVD capabilities, providing easy access, including use of computers in the classroom and/or clinical setting.
The opportunity for unlimited practice allows the student to gain a higher comfort level with skills. As students become more comfortable, they can focus on the practice of nursing and balancing theory with practice in the clinical setting. Therefore, the use of VRS to prepare nursing students for clinical practice addresses findings from Matsumura et al 15 that nursing students need to be well prepared and involved in patient care.
Use of VRS overcomes the four major impediments to optimal learning identified in the literature. First, having students better prepared to perform nursing skills will enhance the quality of time the preceptor spends with the student. The preceptor and student can focus on the practice of nursing and caring for higher-acuity patients rather than on nursing skills. Second, as students are better prepared for clinical practice, the faculty concerns for patient safety and number of students they are responsible for improve. Third, the evidence also indicates that VRS has the potential for decreasing student anxiety prior to patient-care procedures, thus enhancing clinical learning in a safe environment. Fourth, having students use a VRS module ensures that each student is receiving the same information and learning from the same scenarios. The method, process, and feedback mechanisms are consistent in the VRS environment. This consistency eliminates the need for faculty to develop and execute scenarios ensuring proper technique.
There are limitations to VRS at present. The VRS scenarios developed for nursing are minimal; additional types of nursing skills and procedures are needed for VRS teaching. Virtual reality simulation scenarios do not simulate subtle nonverbal cues that are encountered in real patient experiences. In addition, developing, maintaining, and updating VRS scenarios would require interdisciplinary collaboration of nurse experts, nurse educators, and information technology specialists. Further exploration and collaboration with supply companies of VRS Increased understanding of the steps and supplies required for IV line insertion The names of veins The ease of using it; the system provided helpful feedback Amazing ability for reality to be virtual The haptic arm was realistic and felt the needle go through the skin and the vein Excellent learning tool 2. What would have made it a better learning experience?
Repetition would need to take place to develop VRS as an inclusive computerized teaching strategy. Addressing these limitations may not be feasible for many organizations without external funding. Faculty evaluations were positive for the use of VRS for IV line insertion but cannot be generalized to other areas. However, the evaluations were one step toward fostering one nursing faculty to explore another method of teaching. Final recommendations include exploring the cost of VRS compared with present-day teaching strategies and the practicality of incorporating VRS into nursing curricula. Future studies on VRS should focus on student outcomes. Providing student outcomes will add to the body of literature supporting the use of VRS as a teaching strategy. In addition, other types of VRS teaching equipment or products need to be made available and/or developed to meet the needs of the faculty.
The use of an easily adaptable teaching strategy resembling real-life patient experience in a risk-free environment, such as VRS, enhances the ability for nursing faculty to address the complexity of teaching in today's healthcare environment. Virtual reality simulation is an innovative, computer-generated, three-dimensional technological educational tool that can bridge the gap between theory and practice for nursing students and transform nursing education by decreasing student anxiety and patient safety concerns.
